This study assesses the effect of light rail transit system (LRT) on residential property values in Greater Kuala Lumpur, Malaysia, where traffic congestion has been a major issue since the mid 1990s. A relatively new technique namely Geographically Weighted Regression (GWR) is employed to estimate the increased value of land in the form of residential property values as a result of improved accessibility owing to the construction of the LRT systems. Using the Kelana Jaya LRT Line, located in Greater Kuala Lumpur, Malaysia as a case study, this paper reveals that the improvement of accessibility to employment and other amenities provided by the LRT system added premiums on residential property values but with spatial variation over geographical area indicates that the existence of the LRT systems may have a positive effect on residential property values in some areas but negative in others. The use of the GWR in this study is identified as a better approach to investigate the effect of the LRT system on residential property values since it has the capability to produce meaningful results by revealing spatially varying relationship.
Introduction
Transport infrastructure such as modern rail transit systems (heavy and light rail transit systems) are believed to have improved accessibility from residential areas to Central Business Districts (CBD) -where employment and economic activities often concentrate. The classical urban land economics theories proposed by Alonso (1964) , Muth (1969) and Mills (1972) indicate transport cost is an important determinant of land value -with improved accessibility to the CBD, the land value increases as a result of the decreasing transport cost. Emphasis on land value has been taken into account within research on locational externalities generated by rail transit systems, which in turn affect the residential and commercial land.
In the case of the effects of rail transit systems on residential and commercial land, it is expected that the existence of a rail transit system should be able to capitalise land values in the form of property values (residential and commercial property). Banister and Berechman (2000) argue that the improvements in accessibility for those areas that are served by the rail transit systems can potentially trigger several major positive locational externalities, in particular for properties located within close proximity to railway stations. They argue further that these positive locational externalities should be viewed as additional benefits to the primary benefits of accessibility improvement.
The evidence from empirical research investigating the effect of rail transit systems on property values in Europe and North America suggest that the ex ante outcomes of rail transit are often difficult to predict, where the property value premiums vary between studies. Whilst premiums are reported there is often a lack of consideration given to why these findings vary significantly between studies. Indeed, previous studies 'do not provide a firm basis to judge future impacts' (Hess and Almeida, 2007: p. 1042 ). An important question to ask is upon what local factors does this variation in premium depend? Through exploring how and why premiums vary across space insights can be gained into the appropriate design of future rail transit systems.
The purpose of this study therefore is to estimate the spatial variation of the effect of proximity to the light rail transit (LRT) stations on residential property values.
Through a LRT system within Greater Kuala Lumpur 1 in Malaysia, this study specifically attempts to explore the extent of spatial variation in value premiums and the factors upon which this variation depends. To map this spatial variation, a technique known as geographically weighted regression (GWR) is used. By employing GWR, it allows local rather than global parameters to be estimated, and thus provides a way of accommodating the local geography of residential property values-LRT system relationships.
Knowledge about the effect of rail transit on property values has important implications for the potential implementation of Land Value Capture (LVC); a technique designed to capture the property value premiums created by the provision of public services which can provide a funding mechanism for new transport infrastructure.
A rail transit system can be seen as an investment with financial returns through increased land values. These values could potentially be recouped through for example increased future tax revenue from enhanced economic activity following the infrastructure investment, joint development where the public sector internalises the benefits of infrastructure improvement through land sales, or a specific betterment tax on developers/property owners (Medda, 2012) . This LVC approach has been widely implemented internationally and has become increasingly relevant in the context of governments having severe budgetary constraints (Smith et al., 2006 (Smith et al., , 2009 van der Krabben and Needham, 2008; Medda, 2012) . To explore the ideas behind land value capture, it is important to understand the relationships between transport accessibility and land value, particularly the factors which determine positive land value uplift. Such value has usually been estimated from generic time series property models which are unable to estimate how positive externalities vary with distance from the stations and their sensitivity to local factors (other than station quality) (van der Krabben and Needham, 2008; Medda, 2012) . Given that the fairness of taxation measures and/or government financial returns on investment are likely to depend on such spatial variation, it is crucial that it is included within property valuation models. By developing an understanding of the likely contextual factors affecting land value premiums from LRT, different transport schemes for the same route may be judged to have different land value potential, which may, in turn, help determine which transport scheme to pursue.
The paper is organised as follows. The next section reviews the existing literature and outlines the relevant lessons learned from these previous studies. The estimation methods are then considered in which the use of the GWR technique is justified and explained. The study area is then introduced and data acquisition described.
The results of the estimation are then presented and discussed. The paper concludes with a review of the implications of the findings for a LVC policy.
Existing research and implication for this study
Over the past forty years, a considerable body of research has emerged on the effects of transportation investment on property values. Throughout the 1960s, considerable attention was focused on the comparatively broad issue of how transportation investment influences urban form and consequently, urban property values. A driving force of this research was the notion that any significant improvement in the transportation system that increases accessibility and reduces transportation costs,
usually assessed in terms of the CBD, should be capitalised in property values (Alonso, 1964; Muth, 1969; Mills, 1972) .Whilst this paper focuses on public transport systems, in particular LRTs, it is important to recognise road improvements are also likely to bring premiums in property values (Boarnet and Chalermpong, 2001 ).
Considering previous reviews of the effect of public transport on property values (Diaz, 1999 Previous reviews also suggest there to be much inconsistency across studies and the estimated value premiums vary considerably in magnitude. Such cross-study variation may be due to the complexity of metropolitan development, unpredictable travel patterns, extent of the accessibility improvement, the relative attractiveness of the locations near station areas and the real estate markets in the region (Ryan, 1999; Smith et al., 2006 Smith et al., , 2009 ). Yet these differences have been rarely modelled across space within a single study.
As this paper focuses on rail systems, Table 1 
The estimation methods
Building on a conventional global hedonic price model (HPM), a spatial econometric method called Geographically Weighted Regression (GWR) is used to calibrate local regression parameters by weighting the distance between one data point and another through the coordinates of data.
The hedonic price model (HPM)
In order to estimate the effects of the LRT system on residential property values, this paper initially uses a standard HPM where residential property value is a function of nearby transport services (focus variable 2 ), structural or physical characteristics of a property, locational attributes and socioeconomic characteristics (free variables 3 ) in which properties are located. As widely recognised, HPM is a method used to analyse a market for a single commodity with many attributes, in particular residential properties.
This method is developed based on consumer theory that states the characteristics of any commodity determine its price. From a methodological perspective, HPM is a suitable method for this study since the estimates produced by the method can be used to interpret the importance of explanatory variables in defining the relationship between residential property value and light rail station proximity. The general form of a hedonic pricing model can be presented as:
where, P i = the market price of property i, F = a vector of focus variables, S and L = the vectors of structural and locational variables, ε i = a vector of random error terms.
This has been termed the traditional hedonic specification. Table 1 highlights how researchers mostly used selling price of residential properties or rent prices as the dependent variable within hedonic pricing studies to estimate property premiums from close proximity to rail station areas. To many researchers hedonic models have been considered to be the best method to investigate the relationship between rail transit systems and land value. However, this method is subject to criticisms ascending primarily from its insensitivity to take into account the spatial effects (spatial heterogeneity and spatial autocorrelation) of the relationship being studied. all of these studies, the authors report GWR performed better than HPM as indicated by a higher adjusted R 2 , lower AIC, large differences in parameter estimates and a lower prediction error. Most importantly they have demonstrated that residential property price premiums varied in terms of the effect and magnitude across space particularly for the demand of explanatory variables that are spatial in nature. In other words, the empirical evidence provided by these studies have supported the presence of spatial heterogeneity which cannot to be identified within traditional HPMs. Moreover, unlike HPM estimation, the results of these studies also suggest that the error terms produced by GWR exhibit little or no positive spatial autocorrelation.
Geographically weighted regression (GWR) approach
As mentioned above, many previous studies have made use of the HPM to estimate the effects of rail transit systems on property values. HPMs are mostly expressed in a traditional linear regression model using ordinary least squares (OLS), in which the regression coefficients represent the implicit price of each attribute (Orford, 1999 ).
However, as stated above one of the main problems in studying property values or specifically residential property values is to deal with spatial effects within the housing market; spatial heterogeneity and spatial autocorrelation. Spatial heterogeneity refers to relationships (measured by parameter estimates in regression modelling) that vary over a geographical area, whilst spatial autocorrelation refers to when a variable measured at a certain location is spatially correlated with the same variable located nearby (LeSage, 1998). Although many past HPM studies attempted to control for spatial effects by increasing the sample size, including the locational and socioeconomic attributes, measuring proximity from a given residential property to amenities with distance, and applying HPMs to housing submarkets or to different types of properties, the nature of the spatial relationship between residential property prices and attributes was not explicitly modelled. In order to deal with spatial effects in the housing market, a group of techniques known as spatial econometrics have been proposed and developed by several researchers to enable the inclusion of spatiality within property models, such as the spatial expansion method (Casetti, 1972) , multilevel modelling (Goldstein, 1987; Bullen, 1993, 1994 ), spatial autoregressive model (also known as spatial lag model) (Anselin, 1988 ) and more recently geographically weighted regression (GWR) (Brunsdon et al., 1996; Fotheringham et al., 1998 Fotheringham et al., , 2002 .
Motivated by the necessity of addressing spatiality issues geographically (or locally) weighted regression (GWR) is used in this study. In contrast to the HPM where single parameter estimates is applied for the entire area, a key advantage of GWR is it essentially allows parameter estimates to vary across space, which can provide a way of accommodating the spatial context within which residential properties are located. The technique can also be regarded as an explanatory tool for developing a better understanding of the relationships being studied, that is, through mapping local parameter estimates. The use of GWR in this study is identified as a superior methodology, where Du and Mulley (2012: 49) argue that 'although not widely used in transport studies, GWR has been identified as providing more rigorous analysis of change over other spatial analytical tools if its significant data demands can be met'.
Since HPM provides a basis for GWR, by including longitude and latitude co-ordinates (u i , v i) to the equation (1) above, the general form of a hedonic pricing model can be mathematically expressed at location i in space as follows (Crespo and Grêt-Regamey, 2013: p. 667): 
The study area, data acquisition and selection of independent variables 4.1. The study area
The Kelana Jaya Line LRT system located within Greater Kuala Lumpur, Malaysia, is chosen as the case study. The Greater Kuala Lumpur region is an area comprising Kuala Lumpur and its suburbs, and has been the most rapidly growing region and major population and 164 motorcycles per 1,000 populations. As the number of private cars and motorcycles in Greater Kuala Lumpur increases, the demand for commuting to and from the city centre tends to increase far beyond the capacity of the road network, even after upgrading to an existing road and the construction of new roads have taken place.
As a result, traffic congestion has become a serious problem for Greater Kuala Lumpur, particularly in Kuala Lumpur City Centre.
This study required residential property transaction data, structural data and more importantly good quality locational data. Many data sources were explored before making the decision on data sources for the study. Figure 1 The study area Kelana Jaya LRT Line
Data acquisition and selection of independent variables
As with previous HPM studies, this study uses secondary data sources. These data can be grouped into two categories; residential property and locational attributes data. In order to measure the distance to locational attributes from a given residential property, a geographical information system (GIS) was used to organise and manage the large spatial datasets (that is, units of residential properties) and estimate the structural and locational attributes. Most importantly GIS was used to position each observation accurately on a local map by using land parcel number. Moreover, the combination of GIS and spatial analysis has been particularly useful because the proximity from observations to various locational attributes were measured accurately using network distance. The distance in metres was measured along the street network by using a GIS analysis. It is vital to note that the analysis that has been carried out in this study has clearly indicated that the existence of the LRT system in Greater Kuala Lumpur has improved accessibility to and from Kuala Lumpur city centre.
Residential
A list of explanatory variables considered for inclusion in the HPM and GWR together with their descriptive statistics is given in 
Empirical results
The results of the hedonic price and GWR models using the above specification are presented below in two stages. The first part shows the results from the HPM and the second part shows the results from GWR model.
The HPM estimation
The first stage of the estimation process using HPM is to choose the functional form which best portrays the relationship between a property's market price and each of the denotes standard error of the estimation, which is assumed to be independently and identically distributed. 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** Notes: Goodness of fit: adjusted R 2 = 0.81 (HPM); adjusted R2 = 0.88 (GWR). AICc = 205.13 (HPM); AICc = -418.03 (GWR) *** = significant at 0.1% level (US0.19).
Calibration of the HPM: GWR estimation
As highlighted in the literature, the main contribution of the GWR technique is the ability to explore the spatial variation of explanatory variables in the model, where the coefficients of explanatory variables may vary significantly over geographical space.
The analysis using GWR software presents two diagnostic types of information; the information for the HPM and GWR model -including general information on the model and an ANOVA (it can be used to test the null hypothesis that the GWR model has no improvement over the HPM).
In this analysis, the local model benefits from a higher adjusted coefficient of determination (adjusted R 2 ) from 81 per cent in the HPM to 88 per cent in the GWR model and the Akaike Information Criterion (AIC) of the GWR model (-418.03) is lower than for the HPM (205.13) suggesting that the GWR local model gives a significantly better explanation, after taking the degrees of freedom and complexity into account.
As mentioned above, one of the advantages of GWR is the ability to explore the spatial variation of explanatory variables in the model. Based on a Monte Carlo significance test procedure, the GWR software can examine the significance of the spatial variability of parameters identified in the local parameter estimates. The results of these tests, shown in Table 3 above, demonstrate that there is highly significant (at the 5 per cent level) variation in the local parameter estimates for all explanatory variables.
Analysing the spatial variation of parameter estimates and T-surfaces
All the local parameter estimates can be mapped but due to space limitations, this paper concentrates on NETDIST variable only since distance to the LRT station is the focus of this study. The best interpretation comes from maps of local parameter estimates alongside the maps of local t-ratio since the local t-ratio maps exhibit the local significance that accounts for the local varying estimate errors (Crespo and Grêt 
Proximity to the nearest LRT station (NETDIST)
As a way of having a general overview of the relationship between the existence of the LRT system and residential property values in Greater Kuala Lumpur region, this subsection examines the spatial variation of value premiums over the geographical area associated with proximity to the nearest LRT station (NETDIST). The spatial variation over geographical area of the NETDIST parameter estimates and the associated t-ratio are depicted in Figure 3a and Figure 3b .
The results in Figure 3a and Figure The introduction of the LRT system in the late 1990s has brought great relief for many Petaling Jaya residents, particularly for those who have had to rely on public transportation (low and middle income residents). The services provided by the LRT system in the area have truly improved the accessibility to and from the city centre.
Therefore, it is reasonable to expect that buyers of residential properties in Petaling Jaya were willing to pay a higher price to be located closer to an LRT station. These findings These findings will now be explored in more detail in terms of the spatial variation in the premiums. As can be seen from Figures 3a and 3b , the capitalisation in expected selling price is found to vary significantly over the housing estates coveredexpected selling price in some areas are found to be greater than estimated by HPM particularly for those residential properties located in Sections 7, 8, 21 , 22, 51A and some houses in Section 14 in Petaling Jaya area (see Figure 3a) and Taman Setiawangsa The increase in residential property values for every metre away from the nearest LRT station is also observed in areas such as Taman Setapak, Taman Setapak Inn and Taman Ibu Kota housing estates. This is due to several reasons -these areas are located just five kilometres away from the CBD and directly connected to the CBD by a good main road. As such the LRT station adds little to the areas as they are also served by efficient bus services to the CBD years before the LRT system has been introduced, with the car and buses services being much more convenient.
Conclusion and policy implications
Previous hedonic pricing studies have provided estimates of value premiums of proximity to public transport services. Yet, an international literature review has demonstrated much inconsistency between studies in terms of the magnitude of the premiums and in some cases even the sign of the effect on house prices. Such inconsistencies do little to help policy makers faced with a need to estimate likely value premiums ex ante. Rather than comparing global estimates between studies, it is argued that more focus needs to be given to the reasons for such variation. Such research requires a greater understanding of the workings of local factors. With the increasing availability of spatial econometric approaches, which can explore the variation in values across the areas affected, this opens up new opportunities in terms of understanding.
This spatial variation had been completely unseen in the previous global versions of the hedonic price method. This paper has considered within a LRT system, variation in premiums and the reasons for that variation.
Using a geographically weighted regression approach to estimate premiums across a LRT system within Kuala Lumpur in Malaysia, after controlling for other factors, this study has demonstrated wide variations of premiums across the study area.
Consistent with previous cross-study comparisons, premiums were found to vary withinstudy from negative to positive depending on factors such as: the desirability of the area, income characteristics of the neighbourhoods, quality of the pre-existing transport systems, negative effects of poor parking facilities at stations and proximity to the CBD.
These findings further enhance our understanding of local factors.
Such within-study variation, suggests ex ante value premium estimation to be challenging, where knowledge of previous factors and how they interact to affect premiums needs to be combined with an understanding of local circumstances within some form of advanced benefit transfer exercise. Given the cost of transport systems and the potential for them to poorly implemented, such evidence informed decision making would appear appropriate and crucial within design of such LRT systems.
Given the challenges governments face funding public transport, it is important to reflect on the implications of this research in terms of the potential to implement of Land Value Capture (LVC). Within the introduction to this paper three potential mechanisms were briefly described which could be used to fund or partly fund public transport investment. The first two mechanisms relate to recouping the costs of public transport through either an expected future increase in tax revenue or from internalising the benefits of infrastructure improvement through land sales following completion of the development (Medda, 2012) . In both cases there is the expectation that there will be a value premium from proximity to LRT. The results of this study have illustrated that such a premium is not inevitable and careful consideration is required into the routing of the LRT and the design/location of stations. The results within this study have added to understanding as to the factors upon which "success" is likely to depend. This remains an important area for future research. The third mechanism considered here for implementing LVR is a betterment tax; a 'tax on the land value added by public investment' (Medda, 2012, p156) . Consistent with previous findings of Nelson (1992) , the results in this study suggest value premiums are likely to be most significant in lowincome areas. In this context, a betterment tax based on expected benefits would be controversial. Effectively those least able to pay would need to contribute the most to the costs of public transport.
These findings suggest that whilst there is potential to fund public transport improvement partially through LVC measures, implementation raises both ethical issues in terms of who should pay and concerns relating to significant risks born by public agencies, where success and/or the degree of success is difficult to determine ex ante.
Whilst ex ante predictions from generic hedonic pricing methods of other local transport schemes can be useful, such as used by van der Krabben and Needham (2008), the research presented in this paper suggests models using GWR can be much more informative. Unlike other approaches to spatial modelling, observations using GWR are treated individually at a specific geographic point. This research has demonstrated how this enhances the potential to produce detailed policy information, such that the nuances of "success" in public transport implementation can be given due concern. 
